Theoretical background: Many companies offer products that are claimed to protect against harmful environmental factors. Advertisements of such products are designed to maximize risk perception and worrying, which may have a negative impact on psychological functioning and health. Public worry about the harmful effects of various environmental factors may also be boosted.
Introduction
Worries about possible harmful side effects of modern technologies (modern health worries, MHWs) have shown a considerable increase in the last decades (Petrie et al., 2001; Petrie & Wessely, 2002) . According to empirical results, objective threat posed by typical subjects of such worries (particularly in the case of electromagnetic fields, EMFs) is often minimal or even questionable (ICNIRP, 2003 (ICNIRP, , 2010 Röösli, Frei, Mohler, & Hug, 2010) . From an epidemiological point of view, these risks are practically negligible compared to the effects of other well-known risk factors (overweight, sedentary life style, etc.). Consequently, feelings of vulner ability and perceived risk connected to these factors are ex aggerated, and might be harmful in themselves (Litmanen & Tuikkanen, 2008; Petrie et al., 2001; Petrie & Wessely, 2002) .
In the scientific literature, two possible sources of MHWs have been proposed and investigated to date. First, although the actual impact of media on risk perception generally is still an open question (Vilella-Vila & CostaFont, 2008; Wahlberg & Sjoberg, 2000) , mass media reports presenting and exaggerating the threat posed by factors of modernity are often mentioned (Freyler, Kőhegyi, Köteles, Kökönyei, & Bárdos, 2013; Petrie et al., 2001; Petrie & Wessely, 2002; Witthöft & Rubin, 2013) . These reports, usually based on individual stories and case studies, present beliefs about seemingly obvious connections between certain environ mental factors and symptoms or diseases, and don't attempt to give a balanced picture on the phenomenon in question (Claassen, Smid, Woudenberg, & Timmermans, 2012; Eldridge-Thomas & Rubin, 2013) . Although there can be a shift in the media towards educating and informing people (Elvers, Jandrig, Grummich, & Tannert, 2009) , media coverage still focuses on the negative aspects of modern technology and its potential health risks (Claassen et al., 2012; Elvers et al., 2009) . According to our current knowledge, there might be individual differences in sensitivity to these influences: MHWs were found to be associated with certain trait-like personality characteristics (somatosen sory amplification -SSA, somatization tendency, health anxiety -HA, spirituality, holistic thinking style) in cross-sectional studies (Freyler et al., 2013; Köteles & Simor, 2014a , 2014b Köteles, Szemerszky, Freyler, & Bárdos, 2011) , and it was also claimed that these characteristics could increase vulnerability to MHWs (Köteles & Simor, 2014b; Köteles, Szemerszky, et al., 2011) . Interestingly, people who prefer complementary and alternative medicine (CAM) to conventional medicine also showed higher levels of MHWs in several cross-sectional studies (Furnham, 2007; Jeswani & Furnham, 2010; Köteles, Bárány, Varsányi, & Bárdos, 2012; Köteles & Simor, 2014b; Strait & Furnham, 2012) .
Beyond media influences, empirical findings support the idea that family as the primary agent of socialization can transmit parental MHWs to the next generation (Köteles, Freyler, Kökönyei, & Bárdos, 2015) . Although no empirical studies have been carried out to date, role of other social agents (e.g. peer groups, social media) in the transmission of such worries is also presumable.
While socialization processes take place more or less automatically, the first factor (mass media reports) is often designed to increase emotional impact (i.e., the "wow-factor"). Beyond these two, a further source of MHW related information exists, namely advertisements of companies manufacturing and selling products that are claimed to protect against such harmful factors. In this case, the information (more precisely: the message) is professionally elaborated to manipulate people's reaction and maximize negative impact. It is usually claimed that these harmful effects are (1) scientifically proven but kept secret by evil profit oriented companies for financial reasons, and (2) more serious than it is reported in the scientific literature (Blushield, n.d.; Hamoni, n.d.; Sensory Perspective, n.d.; Swiss Harmony, n.d.) . Beyond reasoning, these advertisements attempt to make the emotional and cognitive reactions more intense by emphasizing the message with alerting visual and sound effects, or by mentioning that children and close relatives might also be involved.
The MHW phenomenon is usually investigated at the level of the individuals; however, a sociological perspective might also be helpful in the understanding of the complex interactions involved in the generation and maintenance of these worries. For example, the Social Amplification of Risk Framework suggests that information about potential hazards interacts with psychological, social, institutional and cultural processes, which leads to the amplification or attenuation of public responses to the risk (Kasperson, Kasperson, Pidgeon, & Slovic, 2003; Kasperson et al., 1988) . Commercial advertisements may represent a factor that is intentionally designed to elevate risk perception, feeling of vulnerability, and worrying; therefore, its psychological and societal impact might be more serious than that of media reports or family influences. From the viewpoint of MHW-related advertisements, the phenomenon can also be regarded as an attempt to give rise (or least contribute) to a moral panic (i.e., the process of arousing social concern over an issue that poses a threat on the welfare of society). Moral panic has distinct and well-described characteristics as (1) intense concern over an issue, (2) hostility towards the group that is believed to cause the issue in question, (3) a widespread consensus on the negative impact of the accused group, (4) disproportionality (concerns and actions are exaggerated compared to the actual threat), and (5) volatility (temporal instability) (Goode & Ben-Yehuda, 2009) . It is also well-known from the literature of moral panic that reporting the facts in the media is enough to trigger concern and anxiety (Cohen, 1972) ; consequently, impact of advertisements can be more intense and harmful.
In the experiment reported here, young adults were exposed to such an alerting advertisement, and changes in worrying and sympathetic activation were measured. The first aim of the study (Hypothesis 1) was replicating previous results on the connections between MHWs and negative affect (NA), somatosensory amplification (SSA), health anxiety (HA), symptoms, CAM orientation, holistic health beliefs, and spirituality. Second (Hypothesis 2), it was hypothesized that an advertisement exaggerating the threats posed by EMFs causes an increase in worrying and also activates the sympathetic nervous system. Third (Hypothesis 3), it was expected that individuals with higher levels of NA, SSAS HA, somatic symptoms, CAM orientation, holistic health beliefs, or spirituality would respond to the message with disproportionately increased worrying. Design of the study is presented in Figure 1 . self-report characteristics would be connected to modern health worries, (H2) advertisement would increase worrying and heart rate, and (H3) baseline characteristics would moderate the effect of advertisement on worrying (effect modification)
Method

Participants
Based on a power analysis for the correlation analyses (α = 0.05 (one-tailed), β = 0.90, and r = 0.30), a target sample size of 98-100 was determined. Participants were undergraduate university students (N = 100; mean of age: 20.6 years, SD = 1.01 years; 72% females) who received partial credit for their participation. Seven participants dropped out from the study due to incomplete self-report or physiological data. The research was approved by the Research Ethical Committee of the Faculty of Pedagogy and Psychology of the Eötvös Loránd University (Nr. 2012/100), all participants signed a consent form before the experiment.
Measures
Modern Health Worries Scale (MHWS) (Petrie et al., 2001 ) is a 25-item scale that measures people's concerns of modernity affecting their health on a 5-point Likert scale (1: no concern, 5: extreme concern). Scores of the MHWS range from 25 to 125 (higher scores indicate more worries), and although no pathological threshold has been determined to date, it demonstrated a good discriminative power between patients with Idiopathic Environ mental Intolerance (IEI) and patients with other psychiatric diseases (Bailer, Witthöft, & Rist, 2008) . Similarly to previous results (Köteles & Simor, 2014a; Köteles, Szemerszky, et al., 2011) , the Hungarian version of the scale showed a high internal consistency (Cronbach's alpha = 0.94) in the current study. MHWS Radiation subscale (MHWS Radiation) is a 3-item subscale of the MHWS assessing worries about the effects of electromagnetic radiation (e.g., from high frequency power lines or mobile phone towers). Items are rated on a 5-point Likert scale (1: no concern, 5: extreme concern). Similarly to the MHWS total score, the MHWS Radiation score (ranging from 3 to 15, higher scores refer to more worries) is not used for diagnostic purposes; however, it discriminated well between individuals with IEI attributed to electromagnetic fields (aka electrosensitivity or electro magnetic hypersensitivity) and healthy controls in several experimental studies Szemerszky, Gubányi, Árvai, Dömötör, & Köteles, 2015) . Its internal consistency was good (between 0.84 and 0.88) in all three administrations of the present study.
Somatosensory Amplification Scale (SSAS) is a 10-item scale that measures the tendency to experience a somatic sensation as intense, noxious, and dis-turbing on a 5-point Likert scale from not at all (1) to extremely (5) (Barsky, Wyshak, & Klerman, 1990) . Total score of the SSAS ranges from 10 to 50, higher scores indicate higher levels of amplification tendency. Higher levels of somatosensory amplification were connected to clinical hypochondriasis in empirical studies Haenen, Schmidi, Schoenmakers, & van den Hout, 1997; Speckens, Spinhoven, Sloekers, Bolk, & van Hemert, 1996; Wyshak, Barsky, & Klerman, 1991) ; however, it is not considered a diagnostic instrument. The Hungarian version proved to be valid and psychometrically sound in previous studies (Köteles et al., 2009 (Köteles et al., , 2012 Köteles, Szemerszky, et al., 2011) , however, its Cronbach's alfa coefficient was low (0.59) in the present study.
Negative affect (NA) was measured using the 5-item version of the Positive and Negative Affect Schedule (PANAS) (Gyollai, Simor, Köteles, & Demetrovics, 2011; Thompson, 2007) . The negative affect (NA) scale measures the general dimension of subjective distress and unpleasurable engagement that subsumes a variety of aversive mood states (e.g. guilt, fear, nervousness) on a 5-point Likert scale (1: not at all, 5: very much). Total score ranges from 5 to 25 (Watson, Clark, & Tellegen, 1988) , higher scores indicate higher levels of negative affect. Cronbach's alpha coeffi cient of the scale was 0.73 in the study.
Short Health Anxiety Inventory (SHAI) (Salkovskis, Rimes, Warwick, & Clark, 2002 ) was used to measure health anxiety. The SHAI contains 18 items that assess health anxiety independently of actual physical health status on a 4-point scale. Total score of the SHAI ranges from 18 to 72 (higher scores show more health anxiety), a cut-off score of 45 provided the best balance between sensitivity and specificity in clinical context (Abramowitz, Olatunji, & Deacon, 2007) . The Hungarian version (Köteles, Simor, & Bár-dos, 2011 ) administered in the study showed good internal consistency (0.80).
Subjective somatic symptoms were assessed via the Patient Health Ques tionnaire Somatic Symptom Severity Scale . This is a 15-item scale designed to measure the prevalence of the most common body symptoms (e.g. headache, nausea, etc.) experienced in the last four weeks on a 3-point Likert scale (1: not bothered at all, 3: bothered a lot), higher scores indicate more and/or more disturbing symptoms (Kroenke, Spitzer, & Williams, 2002) . It covers 14 of the 15 most prevalent DSM-IV somatisation disorder symptoms. Total score ranges from 15 to 45; scores of 20, 25, and 30 represents cut-off points for low, medium, and high somatic symptom severity, respectively (Kroenke et al., 2002) . Its internal consistency was acceptable (0.68) in the present study.
Spiritual Connection Questionnaire Short Version (SCQ-14) (Wheeler & Hyland, 2008) assesses experience and beliefs of spiritual connection, an aspect of spirituality that is consistent with religious and non-religious interpretations of spirituality on a 7-point Likert scale (1: strongly disagree, 7: strongly agree), with a total score range of 14 to 98. Higher scores refer to higher levels of spirituality. The scale showed excellent internal consistency (0.92) in the current sample.
The Holistic Complementary and Alternative Medicine Questionnaire (HCAMQ) (Hyland, Lewith, & Westoby, 2003) consists of two scales. The 5-item Holistic Health (HH) scale measures beliefs about holistic health, while the other 5-item scale (CAM) assesses beliefs about the validity of complementary and alternative medicine on a 6-point Likert scale (1: strongly agree, 6: strongly disagree) (Köteles, 2014) . Total score ranges from 6 to 30 in both cases. Higher scores indicate higher levels of holistic health beliefs and stronger beliefs in CAM methods, respectively. Internal consistency of both scales was acceptable (0.73 and 0.75, respectively) in the current study.
Heart rate recording: The Polar system (Polar RS-400 watches with chest straps and transmitters) was used to monitor and record participants' heart rate (HR) during the experiment. After the experimental sessions, recordings were downloaded to a computer and were analyzed by the Polar ProTrainer 5 software. HR was calculated for two periods of time: for a oneminute baseline and for the last 5 minutes of the presented film.
Procedure
On the day before the experiment (t1), participants were asked to complete all questionnaires on-line. The experiment was carried out in groups of 4-6 individuals. Upon arrival, participants were equipped with the Polar heart monitoring system (chest strap, transmitter, and watch) and the physiological recording started. Following the recording of a one-minute baseline in resting conditions, they were shown a 10-minute film. The groups were randomly assigned to one of two conditions. The inter vention group (N = 49) watched an advertisement of a company offering products that are claimed to protect against "electrosmog" or "electro pollution". The film describes electromagnetic radiation emitted by various sources (e.g., household devices, power lines, mobile phones) as particularly harmful to human health. Claimed harmful effects of electro magnetic radiation are (mistakenly) connected and compared to those of radioactivity, lead poisoning from paints, smoking, pesticides, food additives, air pollution, etc. It is told that cell phone companies hired a highly respected public health scientist to prove that their devices are harmless. However, the researcher found a close connection between cell phone use and brain tumors, which was kept secret by companies and even government agencies. In summary, typical characteristics of a moral panic are included. Moreover, the film also presents the radiation visually, through the examples of children and adolescents using mobile phones, housewives using household devices, etc. The advertisement was originally downloaded from the web page of the company. Subsequently, it was removed from the page, however, it is still available by the authors upon request. The control group (N = 51) was presented with a 10-minute part of a nature documentary (Animals Are Beautiful People). Directly after watching the film (t2), participants completed the MHWS, then the physiological recording was stopped, and the Polar system was removed. Participants were asked to fill out the MHWS once again 3 weeks later on-line (t3). After finishing the whole procedure, participants were debriefed and received up-to-date, scientifically accurate information on the risks posed by electromagnetic fields.
Statistical analysis
Obtained data was analyzed using the SPSS v20 software. Applied parametric or non-parametric statistical methods were chosen based on the results of normality analysis (Kolmogorov-Smirnov tests). Equality of gender ratio in the two groups was checked by chi-square test, mean ages were compared by Mann-Whitney U test. Baseline questionnaire scores of the two groups were compared using Student's t-test or Mann-Whitney U test. Connections among assessed variables at baseline (Hypothesis 1) were checked using Pearson correlation or Spearman correlation. As seven independent analyses were carried out which might lead to the accumulation of Type I statistical errors, accepted level of significance was set to 0.05 / 7 = 0.007 (Bonferroni correction). Changes in MHW Radiation scores (Hypothesis 2) over time were checked using a mixed (2 groups x 3 measurements) analysis of variance (ANOVA) with Bonferroni corrected post hoc tests. To test changes in HR caused by the intervention (Hypothesis 2), baseline HR values were subtracted from the t2 values, and mean changes in the two groups were compared using an inde pendent samples t-test. Moderating effect (effect modification) of assessed psychological variables on the intervention (Hypothesis 3) was checked using separate multiple linear re-gression analyses (accepted level of significance was adjusted using the Bonferroni correction). For example, in the case of negative affect, NA score was centered (i.e., mean calculated for the whole sample were subtracted from the individual NA score for each participant), then an interaction term with group affiliation (control vs. intervention) was calculated by multiplying the two variables. Finally, a linear regression analysis was carried out with MHW Radiation score at t2 as dependent variable, and MHW Radiation score at t1, centered NA score, group affiliation, and the interaction term as independent variables.
Results
Descriptive statistics of the assessed variables in the two groups are presented in Table 1 . No baseline differences between the two groups in terms of gender ratio (χ 2 (1) = 0.103, p = .748), age (Mann-Whitney U = 1163.5, p = .536), and any assessed variables were found (for details, see Table 1 ).
MHWs assessed at baseline showed significant, positive, moderate linear associations with somatosensory amplification (SSAS; r = .37, p < .001), health anxiety (HA; r = .35, p < .001), beliefs about the validity of complementary and alternative medicine (CAM; r = .40, p < .001), and spirituality (SCQ-14; r = .36, p < .001), but not associated significantly with negative affect (NA; r s = .09, p = .206), somatic symptoms (PHQ-15; r = .20, p = .046), and holistic health beliefs (HH; r = .17, p = .083).
The mixed ANOVA investigating changes in MHW Radiation score revealed a significant time main effect (F(2,98) = 9.584; p < .001; partial ρ 2 = 0.089), a non-significant group main effect (F(1,98) = 3.537; p = .063; partial ρ 2 = 0.035), and a significant group × time interaction (F(2,98) = 3.455; p = .034; partial ρ 2 = 0.034). According to the results of the post hoc analysis, there were no significant longitudinal changes in the control group. In the intervention group, significant differences between t1 and t2 scores (p < .001), and t1 and t3 scores (p < .05) were found. However, the difference between t2 and t3 was only marginally significant (p = .076).
A significant difference between the intervention and the control group in change in heart rate (M = 1.37, SD=3.81, and M = -3.20, SD=6.79, respectively; t(98) = 4.122, p < .001) was found. Results of effect modification analyses were presented in Table 2 . In summary, all regression equations were statistically significant (p < .001), explaining 42-46% of the total variance of MHW Radiation score at t2. In contrast, none of the interaction terms was significant, indicating that the assessed psychological variables had no impact on the change of the MHW Radiation score. 
Discussion
In an experimental study with the participation of young healthy individuals, modern health worries showed medium level connections to somatosensory amplification, health anxiety, beliefs about the validity of complementary and alternative medicine, and spirituality. Compared to a neutral film, watching an advertisement that presents the risks of electromagnetic radiation in an exaggerated form caused higher levels of sympathetic activation (as assessed by heart rate) and worrying. The latter change was not connected to any assessed psychological variable; however, it was still measurable three weeks later.
With the exception of holistic health beliefs and somatic symptoms, previous findings on the connections between MHWs and illness-related (i.e., SSAS, HA) and holistic thinking style related (spirituality, beliefs about the validity of CAM) constructs were replicated in the current study (Hypothesis 1) . Surprisingly, although these constructs were proposed to be possible "psychological risk factors" of MHWs (Köteles & Simor, 2014a , 2014b Köteles, Szemerszky, et al., 2011) , none of them predicted the change in worries triggered by the advertisement (Hypothesis 3). One possible explanation for this finding is that the advertisement in the experimental situation caused a ceiling effect in worrying, which sup pressed the sensitizing effects of the above mentioned variables. Alter natively, the psychological risk factor hypothesis should be rejected, and a proactive information seeking effect (i.e., these characteristics make individuals more prone to seek out and pay attention to MHW-related information) or a reverse causal relationship (i.e., increased worrying facilitates holistic thinking style which in turn gives rise to illness-related concerns) should be hypothesized.
The MHW phenomenon can be described and understood as a specific set of cognitive biases, i.e. systematic distortions in the representation of reality and deviations from rational thinking. Once one adopted MHWs, information that is in accordance with one's belief system will be preferred and elaborated (confirmation bias). Belief perseverance bias inhibits a change in the belief system even in the presence of contradicting information (e.g., scientific reports on the objective risks). Moreover, availability and accessibility of MHW-related information will be increased due to rumination about environmental risk factors and proactive information seeking, respectively. Dual-process information processing theories, e.g., the Cognitive-Experiential Theory (CET) of Epstein (Epstein, 2014) , are not only able to incorporate the aforementioned biases, but can also shed light on the background of the connections between MHWs and holistic thinking style, spirituality, and CAM preference (Köteles & Simor, 2014b; Köteles, Simor, Czető, Sárog, & Szemerszky, n.d.) . From this point of view, the MHW phenomenon can be considered as an over-generalization of perceived risks from different sources posing very different objective risks. For example, concerning electromagnetic radiation, possible effects and risks of household electricity with a frequency of 50/60 Hz cannot be compared to those of mobile phones operating at the frequency domain of 10 8 -10 9 Hz, or the higher UV and X-rays (10 16 -10 20 Hz) (Repacholi, 2012) . In terms of objective risk, the latter category (ionizing domain) is clearly dangerous (i.e., mutagenic). As for the non-ionizing domain, however, WHO concluded that current scientific evidence does not confirm the existence of any health consequences from exposure to low level electro magnetic fields (WHO, 2006 (WHO, , 2007 (WHO, , 2014 . Still, risks of electromagnetic radiation and those of modern technologies in general are represented as a whole in people's mind, which is clearly indicated by the usually high internal consistency values of the MHW Radiation subscale (0.84 and 0.88 in the current study) and the MHW scale (0.94 in the current study) (Köteles & Simor, 2014a; Köteles et al., n.d.) . This is not to say, of course, that MHWs are completely erroneous or illusory; harmful effects of ultraviolet radiation, X-rays, or air pollution can-not be questioned, and objective risks are difficult to estimate for many environmental agents. However, perceived health risks, compared to risks posed by other factors (e.g., smoking, alcohol consumption, sedentary lifestyle) are exaggerated and overgeneralized based on a common feature (modernity), which is not necessarily harmful in itself.
Previous research showed that assumed presence of an EMF (in more general terms, the perceived presence of a risk factor) increases worrying and symptom perception Rubin, Hillert, Nieto-Hernandez, van Rongen, & Oftedal, 2011; Rubin, Nieto-Hernandez, & Wessely, 2010; Szemerszky, Köteles, Lihi, & Bárdos, 2010; Witthöft & Rubin, 2013) . The findings of the present study indicate that no actual threat is necessary for sensitization -even a negative message intentionally designed to increase risk perception is able (1) to increase worrying and (2) evoke physiological changes in the short run. After one single message, these negative changes might disappear over time; however, they may become prolonged following the reception of multiple messages (e.g., in an environment that is preoccupied with such concerns). As commercials are broadcast on a regular basis, this multiple exposure may have longer-lasting effects on viewers' risk perception, which in turn can increase public concern about the possible negative effects of EMFs. In summary, commercial advertisements of certain health protecting products represent a factor that may have a considerable contribution to the social amplifi cation of risk.
Concerning mass media reports, a better cooperation between scientists and journalists was recommended to provide the public with a more balanced and scientifically valid picture on the effects of modern environmental factors (Eldridge-Thomas & Rubin, 2013) . In the case of commercial advertisements, this is certainly not sufficient, as protection of consumers from buying devices and gadgets that are both unnecessary and worthless is only one aspect of the phenomenon. MHWs were connected to more subjective somatic symptoms, depression, sick-leave, and a worse perceived health status and quality of life in cross-sectional studies (Filipkowski et al., 2010; Indregard, Ihlebaek, & Eriksen, 2013; Ozakinci, Boratav, & Mora, 2011; Rief et al., 2012) , and also predicted future visits to the general practitioner in a longitudinal research (Andersen & Jensen, 2012) . Consequently, all possible communicational and legal steps should be taken to protect people from the negative health related effects of these seemingly protective messages.
The current study was carried out with the participation of university students, which limits generalizability (external validity) of the findings. On the other hand, life of this population is characterized by the intense use of various electric devices, which also means that they might be more resistant to messages communicating the risks posed by these devices than other individuals. In this case, harmful effects of similar commercial advertise-ments in the general population may be even more serious than those found in the present study. Moreover, the use of a nature documen tary as control condition is also problematic; for example, although HR of the intervention group showed a significant increase compared to the control group, it is also possible that the relaxing effect of the nature documentary caused the difference. In future studies, films presenting objective (scientific) information on MHWs should be chosen for this purpose. Finally, personality characteristics that may influence general sensibility to advertisements (e.g., conformity, suggestibility, or suscepti bility to advertising) should have been assessed and controlled for.
Conclusion
Commercial advertisements of certain health protecting products may play a role in the generation and maintenance of modern health worries, thus they might be more harmful than the factors the products are claimed to protect against. From a broader point of view, such advertisements may contribute to the social amplification of risk and even a moral panic.
